Superior vermian atrophy a b s t r a c t Autosomal recessive spastic ataxia of Charlevoix-Saguenay is a rare neurodegenerative disorder caused by homozygous mutations in SACS gene. We present finding on MR imaging in 2 adult Italian siblings. According to the literature we have described same of typical MRI finding of autosomal recessive spastic ataxia of Charlevoix-Saguenay disease. We found slight differences in neuroimaging pattern in our patients with a similar genotype but different age and clinical severity, this suggest that brain MRI may provide potential biomarkers to assess disease progression.
Introduction
Autosomal recessive spastic ataxia of Charlevoix-Saguenay (ARSACS) is a rare neurodegenerative disorder caused by homozygous mutations in SACS gene. Clinical milestones of ARSACS are the ataxic syndrome, the pyramidal involvement and the axonal neuropathy, with a typical infantile onset. Actually, the phenotype can be heterogeneous, including additional signs (eg, movement disorders, cognitive disturbances, pain, sphincters disturbances), as well as the age of onset can range from early childhood to adulthood [1] . * Corresponding author. E-mail address: claudia_pensabene@hotmail.it (M.C. Pensabene).
The condition is particularly frequent in the Quebec region of Canada; however, an increasing number of cases is described in Europe, Japan and India, suggesting a worldwide diffusion of the disease [2] .
Since the molecular bases of ARSACS have been mostly elucidated, it is reasonable that in the next future some specific therapy will be developed [3] .
Therefore, it is necessary to identify those clinical or instrumental signs, which may allow an early diagnosis of the disease and lead the genetic analysis.
Previous reports already indicated some peculiar imaging biomarkers at brain magnetic resonance (MRI), although the neuroimaging pattern is variable in ARSACS patients [4] . Here, we describe the clinical-radiological features of 2 siblings with ARSACS, in order to highlight relevant diagnostic cues, which may support the early recognition of the condition.
Case report

Clinical features
Patient 1
Patient 1 (younger brother) is a 36 years old man, carrying compound heterozygous variants in SACS gene (c.4198T > A / c.5719C > T), whose clinical onset was at the age of 15 with an ataxic syndrome. At clinical examination he presented ataxicspastic gait with autonomous stance and ambulance; mild weakness with muscular hypotrophy in lower limbs associated to postural deformities of the feet and bilateral Babinski sign. He also had dysarthria, nystagmus and mild tremor in upper limbs. A sensory-motor peripheral neuropathy was demonstrated. Cognition was normal. The Scale for Assessment and Rating of Ataxia score was 11.
Patient 2
Patient 2 (older sister) is a 41 years old woman, carrying compound heterozygous variants in SACS gene (c.4198T > A / c.5719C > T). Mild neurodevelopment delay was reported. AR-SACS appeared at the age of 16 with a progressive ataxic syndrome responsible for the loss of ambulation at the age of 39. At clinical examination she presented severe weakness, spasticity and pyramidal signs in lower limbs and mild distal hyposthenia in upper limbs. She also had mild dysmetria, nystagmus and dysarthria. A sensory-motor peripheral neuropathy was demonstrated. Cognition was normal. The Scale for Assessment and Rating of Ataxia score was 22.
MRI findings
We performed an unehnaced MRI, including: Diffusion weight images, Fluid Attenuated Inversion Recovery (FLAIR) on axial plane, T2 weighted images Fast Feel Echo on axial plane, T2 weighted images Turbo Spin Echo on axial and coronal plane T1-weighted images Turbo Spin Echo with Inversion Recovery mode on axial and sagittal plane ( Fig. 1 , Patient 2; Fig. 2 , patient 2).
According with the existing literature in both patients we have observed same of the characteristic neuroradiologic signs of ARSACS [5 ,6] . In particular we have seen an atrophic aspect of the cerebellar hemispheres mostly in the superior para-vermian and upper cerebellar vermis, bulky pons with linear hypointensity in the ponts ("tigroid pattern") in T2 and FLAIR images (pathophysiology of which is unknown) and thinning of the splenium of corpus callosum.
Of interest, such features were more prominent in Patient 2, which was either older or more severely affected.
Discussion
ARSACS is one of the most common inherited degenerative ataxias, whose worldwide prevalence is increasing thanks to the advances in genetic analysis and the improvement of clinical classification.
Molecular bases of the disease have been recognized and the incoming availability of animal models will pave the way for disease-modifying treatments, which instead currently still lack. In this perspective, it is fundamental to identify those factors, which may support an early diagnosis of ARSACS.
Neuroimaging provides an undisputed contribution to lead genetic analysis in ataxic syndromes, since different conditions are characterized by peculiar radiological findings, such as the "molar tooth" sign in Joubert Syndrome.
Previous reports already indicated a number of brain MRI alterations, which could be commonly found in ARSACS patients, such as the superior vermian atrophy of the cerebellum, the linear hypointensity on T2-and FLAIR images of the pons ("tigroid pattern"). Further less specific findings that have been also described are the inferior vermis atrophy of the cerebellum, superior spinal cord atrophy, cerebellar hemisphere atrophy, bulky pons with T2 hypointense stripes, the thalamic T2 hyperintensities and the corpus callosum thinning.
In our small case series, including data from 2 adult siblings we found: atrophic aspect of the cerebellar hemispheres mostly in the superior para-vermian and upper cerebellar vermis, bulky pons with linear hypointensity in the ponts ("tigroid pattern") in T2 and FLAIR images and thinning of the splenium of corpus callosum
Of interest, such abnormalities were more prominent in Patient 2, which was more severely affected and older. Given the similar genetic background of the patients, we could thus hy-pothesize that the imaging finds are a correlate of neurodegeneration, which may reflect the disease progression. However, larger prospective studies are necessary to validate this preliminary observation.
Conclusions
Our findings are consistent with the existing literature and highlights that features such as linear hypointensity on in the pons, superior cerebellar vermis atrophy bulky pons and thinning of the splenium of corpus callosum are strongly suggestive of ARSACS. Therefore, according to EFNS/ENS consensus on the diagnosis and management of chronic ataxias in adulthood [7] , a preliminary brain MRI could be essential to assist and drive genetic analysis of ataxic syndromes, allowing early diagnosis and limiting the costs for unnecessary investigations. On the other side, the slight differences in neuroimaging pattern that we found in patients with a similar genotype but different age and clinical severity suggest that brain MRI may provide potential biomarkers to assess disease progression.
